Objectives-Exposure to high levels of non-infectious microbial agents is recognised as a cause of respiratory disease in working populations, but except for endotoxins, little is known about exposureresponse relations. As these eVects do not depend on viability, exposure to nonviable microbial agents is important. Various methods not based on microbial cultures were explored to study the complex microbial exposure of farmers and associations with acute symptoms during work. Methods-Airborne exposure was measured when farmers carried out specific tasks. Fungal spores, bacteria, endotoxins, (1→3)-glucans, fungal antigens specific for Penicillium and Aspergillus species, and mites were measured by methods not based on microbial cultures. Also silica, inorganic and organic dust, ammonia, hydrogen sulphide, and nitrogen dioxide were measured. Respiratory, and nose and eye symptoms experienced during measurements were recorded by a short questionnaire. Both univariate and multivariate statistical analyses were applied to assess the relations between exposure and acute symptoms. Results-106 Farmers and their spouses participated in this study. Prevalences of work related symptoms were: wheezing 3%; chest tightness 7%; cough 14%; eye symptoms 18%; and nose symptoms 22%. Prevalence ratios for nose and eye symptoms were 4-8 after exposure to 20-500×10 3 fungal spores/m 3 and higher, and a prevalence ratio for cough was 4 after exposure to 500-17 000×10 3 fungal spores/m 3 . Nose symptoms were also associated with exposure to silica with prevalence ratios of 4-6 after exposure to 0.015-0.075 mg /m 3 and higher. Conclusions-Farmers had a high occurrence of symptoms of the nose and eyes as well as cough during work. These symptoms were associated in a dose dependent manner with exposure to fungal spores. Nose symptoms were also associated with exposure to silica.
Non-infectious microorganisms and microbial agents such as bacterial endotoxins are known to cause respiratory eVects through toxic and immunological mechanisms. In various working populations asthma, chronic obstructive pulmonary disease, extrinsic allergic alveolitis, and organic dust toxic syndrome (febrile episodes with transient lung function changes not associated with occupational asthma or extrinsic allergic alveolitis) are associated with inhalation of airborne microorganisms. 1 Although the causal role of microbial exposure in the development of disease is often clear, information on exposure-response relations is limited. Currently, epidemiological and experimental studies have given suYcient support for the development of a proposal for an occupational exposure limit only for endotoxins. 2 One reason is that exposure assessment is extremely diYcult and several methods have been used, many of which have only limited use for quantitative assessment of microbial exposures. Especially, methods based on microbial cultures have been used extensively. Although important information on microbial species has been obtained measurement data are at best semiquantitative. This is because of short sampling time, selective detection of groups of viable microorganisms, and stationary sampling, and application of such techniques in large scale epidemiological studies is expensive due to the complicated logistics. Health eVects typical for exposure to non-infectious microbial agents are usually not dependent on viability of microorganisms but are caused by such specific agents as allergens and toxins that are present in both viable and non-viable microorganisms. In epidemiological studies it is therefore often more relevant to measure the total microbial burden, including viable and nonviable bacteria or fungi, or markers of this burden rather than the fraction that can be cultured. 3 Recently, application of methods not based on microbial cultures such as (1→3)-glucans, fungal spores, bacteria, and -amylase gave promising results in studies of respiratory eVects in diVerent populations-for example, in sick buildings, 4 5 sawmill workers, 6 sewage workers, 7 bakers, 8 and household waste collectors. 9 Application of techniques not based on microbial cultures seems therefore promising in combination with the advantage of simple sampling of these constituents by conventional collection on filters.
We explored methods not based on microbial cultures for the measurement of microbial agents to study the complex bioaerosol exposure of farmers. Airborne fungal spores, (1→3)-glucans, endotoxins, bacteria, and mites (from fire dust) were measured as possible inflammatory agents, and fungal extracellular polysaccharides of Penicillium and Aspergillus (EPS-Asp/Pen) were measured as markers of fungal exposure. Also, we measured airborne silica, and inorganic and organic dust. The study was nested in a cross sectional study of respiratory diseases in Norwegian farmers. 10 11 In the present paper we report associations between exposure and acute work related eye and respiratory symptoms. Both univariate and multivariate analyses were carried out to identify the most important agents.
Materials and methods

SAMPLING STRATEGY
A total of 290 farms were randomly selected among the participants of a cross sectional study of farmers in three counties of south eastern Norway. 10 Farms were located in coastal, inland, and mountainous regions (altitude up to 1000 m) all within a 350 km radius of the institute. Farmers and their spouses were invited to participate in the present study. Due to retirement (11%), unwillingness to participate (4%), or logistic constraints (41%), measurements were performed on 127 farms. Personal exposure measurements were carried out in 1992-6 during all seasons. Exposure was measured when specific exposed tasks were being carried out. The sampling time was equal to the duration of the task with an upper limit of 1 hour if the task lasted longer. Tasks included handling of harvest (grain, hay, straw, silage, potatoes, and onions), animal tending (cattle, swine, poultry, sheep, and goats), and handling of manure. When feasible diVerent tasks were measured on the same farm.
AEROSOL SAMPLING
Each personal exposure measurement consisted of collecting three separate total dust samples simultaneously on polycarbonate filters with pore size 0.4 µm (Poretics, Osmonics, Livermore, CA, USA) in closed face 25 mm diameter aerosol monitors made of graphite filled polypropylene with portable battery powered pumps (AFC 123, Casella, London, UK). From each exposure measurement one filter was used for the measurement of the total mass, spores, and chemical particle types, one filter for the measurement of bacteria, and one filter for the measurement of endotoxins, glucans, and fungal antigens.
TRANSPORT AND STORAGE OF AEROSOL SAMPLES
Samples were transported to the laboratory at ambient temperature, usually within 72 hours. Samples were stored at the laboratory before analysis at 4°C for fluorescence microscopy, at ambient temperature for scanning electron microscopy and at −25°C for analyses of endotoxins, (1→3)-glucans, and fungal antigens (EPS-Asp/Pen).
ANALYSIS OF AEROSOL SAMPLES
Total dust was measured gravimetrically (Satorius ultra-microbalance model S4, Goettingen, Germany). After gravimetry, samples were resuspended in filtered Tween 80 solution (0.05% weight/volume) after weighing for 3 minutes in an ultrasonic bath (Sonorex RK510H, Bandelin Electric, Berlin, Germany). Two adequate aliquots were filtered through polycarbonate filters with pore size 0.4 µm for counting of spores from fungi and actinomycetes by scanning electron microscopy, 12 and analysis of organic, silicon rich (classified as silica) and other inorganic particles with scanning electron microscopy combined with electron dispersive spectrometry. 13 Bacteria were analysed by fluorescence microscopy as already described. 14 Endotoxins were analysed by a kinetic chromogenic Limulus amoebocyte lysate assay, 15 (1→3)-glucans by an inhibition enzyme immunoassay, 16 and genus specific extracellular polysaccharides of Aspergillus and Penicillium (EPS-Asp/Pen) by a sandwich enzyme immunoassay. 17 
MITE SAMPLING AND ANALYSIS
Accumulated fine dust in materials that were handled by the farmer during the personal sampling and settled dust deposits relevant to the work were collected in polyethylene containers. A few drops of ethyl acetate were added to kill mites and samples were stored at −25°C before analysis. The dust fraction <500 µm was sieved out for mite analysis by microscopy as described elsewhere. 18 Based on the mite concentration in fine dust the airborne concentration was estimated by multiplying the number of mites found/mg of dust <500 µm with the airborne organic dust concentration (mite units/m 3 ).
MEASUREMENT OF BIOGENIC GASES
Hydrogen sulphide and nitrogen dioxide were measured continously with personal electrochemical data logging monitors, PM-7700 with sensors gs-7702 and gs-7705 respectively (Metrosonics, USA). Ambient spot concentrations of ammonia were measured with detector tubes for ammonia type 2/a (Dräger AG, Lübeck, Germany) positioned as close as possible to the farmer. Gas measurements were not performed when sources of exposure and odour were absent because the exposure was then assumed to be negligible.
QUESTIONNAIRES
Information on age, sex, smoking habits (active, former, and never smokers), and allergy (defined as diagnosis by a doctor, admission to hospital, or medical treatment because of allergic disease) were obtained from a general questionnaire used in the cross sectional study. 10 Symptoms experienced during work on the day that exposure was measured, were recorded by a short questionnaire that was completed directly after the measurements. Use of respiratory protection was also recorded.
DATA ANALYSIS
Eight hour time weighted average (TWA) exposures were computed based on type and duration of task for each farmer. The TWA exposures included all tasks carried out by the participant during the measurement day until symptoms were recorded. Exposure data were roughly log normally distributed and were summarised by arithmetic means, geometric means, and geometric SDs. Pearson's correlation coeYcients were calculated with log transformed data.
Exposure-response associations were studied in people that participated both in the cross sectional and the exposure study, and who did not use respiratory protection. If measurements had been performed on the same person on more than 1 day, the 1st day was selected to avoid dependency of the data. If the participant had reported symptoms on 1 or more days, the 1st day with a positive response was selected. Exposure concentrations of each agent were categorised in tertiles. Associations between symptoms and exposures were estimated by prevalence ratios (PRs) using Cox's regression according to Thompson et al. 19 The model assumes Poisson variability in the response variable and by defining the model for a closed cohort and a constant risk period, direct estimates of the PR can be obtained. The PR can be calculated from the regression coefficient as exp(B). It is known that the SEM of the regression coeYcient is an overestimation of the true SEM. 19 As a result, 95% confidence intervals (95% CIs) are wider and significance testing is more conservative. Regression models were constructed for each exposure variable separately adjusting for the following potential confounders: age (initially in four categories, but as dichotomising yielded similar results we chose to run all models dichotomised at 50 years), sex, and smoking habits. Models with two exposure variables were constructed when several exposure variables were associated with the same symptom. Associations with high prevalence ratios which did not reach significance were also considered as significance testing was conservative.
Statistical analyses were carried out with EGRET 7 2.01, Cytel, Cambridge, MA, USA.
Results
STUDY POPULATION
The characteristics of the study population are shown in table 1. The proportion of women was lower than in the source population from the cross sectional study, and the proportions of never smokers and farmers with livestock production were higher. Age and allergy were similarly distributed. The number of farmers was lower than the number of farms visited, as tasks were also carried out by people not included in the study base-that is, relatives and hired workers.
EXPOSURE TWA exposures to dust, dust components, and ammonia are shown in table 2. Other biogenic gases were detected only occasionally. Hydrogen sulphide was detectable in only seven out of 23 measurements with a range of 0.3-8 mg/m 3 (peak values). Nitrogen dioxide was only measured during the handling of silage and was detected in five out of 22 measurements with a range of 0.5-0.8 mg/m 3 (peak values). Exposure to microbial agents and mites showed very high variability as shown by large geometric SDs often indicating a range of more than four orders of magnitude (GSD>10).
Eight hour TWA exposures to diVerent microbial agents were moderately to strongly correlated. The strongest correlation was found between total bacteria and rod shaped bacteria (r=0.77), total bacteria and endotoxins (r=0.68), and (1→3)-glucans and fungal spores (r=0.67). Moderate to high correlations were also found between non-microbial and microbial agents; total dust was correlated with fungal spores, (1→3)-glucans, total bacteria, rod shaped bacteria, and endotoxins (r=0.64-0.79), and inorganic dust was correlated with total bacteria and endotoxins (r=0.65-0.70). Other correlations were smaller than 0.60. Table 3 shows the prevalence of symptoms recorded directly after exposure measurements as well as the prevalence reported by the same participants in the cross sectional study . Associations between symptoms and single exposure variables adjusted for sex, age, and smoking are shown in table 4. Allergy was not adjusted for as the prevalence of symptoms of the nose and eye as well as cough was almost the same in participants with and without allergy. The prevalence of wheezing and chest tightness was higher among allergic participants (24% v 13%) but no major diVerences were found when allergy was included in the multivariate model. Cough was only significantly associated with the highest exposure category of fungal spores with a PR of 3.9, and other associations were weaker. Symptoms of the eyes were significantly associated with the medium exposure category of fungal spores with a PR of 8.3. The PR of the highest exposure category was also high, 7.0, but this association did not reach significance. Exposure to inorganic dust showed high but non-significant PRs for symptoms of the eyes. A model with fungal spores and inorganic dust (table 5) showed lower but still high PRs for both variables indicating that the nonsignificant association with inorganic dust is only partly due to exposure to fungal spores. Symptoms of the nose were significantly associated with the highest exposure categories of endotoxins, fungal spores, and silica, and both the medium and high exposure categories of total dust with PRs of 4-6. Models with combinations of two exposure variables are shown in table 5. Bivariate exposure models (adjusted for potential confounders) showed that all PRs were lower than those in univariate exposure models. The PRs were lowest for exposure to endotoxins and the PRs for the highest exposure group were lower than the PRs for the medium exposure group in all models with total dust. Exposure to fungal spores and silica seemed to be most consistently associated with nose symptoms.
WORK RELATED SYMPTOMS AND EXPOSURE
Discussion
In this study of Norwegian farmers exposureresponse associations were found between acute work related symptoms and exposure to fungal spores, endotoxins, total dust, and silica. Among these exposures fungal spores showed the strongest associations with eye symptoms and cough whereas both fungal spores and silica were of equal importance for the occurrence of nasal symptoms. No associations were found between any exposure factor and wheezing or chest tightness .
Recall bias was reduced to the lowest possible level as symptoms were recorded directly after measurements. The possibility of information bias cannot be ruled out as farmers were preoccupied with respiratory risks from exposure to dust. However, it seems less likely that farmers anticipated exposure to specific agents in the dust as no situations with excessive exposure were encountered-such as handling of mouldy hay or grain. Selection bias seems likely as asthmatic farmers may leave exposed tasks to others or they may use respiratory protection. However, the proportion of allergic farmers was only slightly lower than in the cross sectional study and allergy did not influence the exposure-response associations.
Prevalence ratios of 4-8 indicate that symptoms of the eyes and nose were increased after exposure to concentrations of 20-500×10 3 fungal spores/m 3 and cough after exposure to concentrations of 500-17,000×10
3 fungal spores/m 3 (8 hour TWAs). We found previously in a cross sectional study of wood trimmers in sawmills that work related nasal symptoms and cough were increased when exposed to 2×10 6 fungal spores/m 3 based on 2-4 week arithmetic mean exposures. 6 These findings concur with the present study as the studies diVer by design, exposure to other agents, and fungi. It seems not unlikely that these associations are causal as fungal spores have inflammatory properties. [20] [21] [22] An association between nasal symptoms and exposure to silica was also found with a PR of 4.5 after exposure to 0.015-0.075 mg silica/m 3 , and 5.7 after exposure to 0.075-0.75 mg silica/m 3 Similar results have not been found in the scientific literature. As crystalline silica is strongly cytotoxic and causes acute inflammation in the airways, 23 it is likely that silica can cause respiratory irritation as well. It should be noted, however, that the measurement method for silica used in this study was not a standard method and was not validated against standard methods. This method was primarily developed to estimate the content of organic dust in aerosol samples with low mass. 13 Endotoxin concentrations in our study were generally well above the recently proposed guidelines for no eVect level for environmental endotoxin 2 of about 100 EU/m 3 suggesting that the associations found for exposure to endotoxin might be causal. However, the strongest associations were found with fungi, indicating that exposure to fungal spores is probably more important.
It has recently been suggested that fungal (1→3)-glucans may be aetiological agents in the relation between fungal exposure and adverse respiratory health eVects. 24 If (1→3)-glucans are the main components that mediate respiratory eVects from exposure to fungal spores, then similar or stronger exposureresponse associations should be expected for (1→3)-glucans compared with fungal spores. However, weaker associations were found for (1→3)-glucans indicating that they can only partly explain the associations between exposure to fungal spores and work related symptoms. Alternatively, (1→3)-glucans as measured with our method may not be a valid measure for fungal (1→3)-glucans, as it also detects plant (1→3)-glucans. 15 The role of plant (1→3)-glucans relative to eVects on respiratory health is currently not clear.
The other fungal components that were measured, EPS-Asp/Pen, showed also weaker associations with work related symptoms compared with fungal spores. As EPS-Asp/Pen are markers for the fungal genera Aspergillus and Penicillium this indicates that spores from other species may also cause acute work related symptoms.
Exposures were found to be moderately to strongly correlated even between such biologically unrelated agents as inorganic dust and microbial agents. It is therefore not unlikely that spurious associations can be found when only a few agents are measured. In many epidemiological studies of farmers, mainly endotoxins, dust, and ammonia have been measured, [25] [26] [27] [28] [29] and correction for exposure to other agents has usually not been applied. In the present study many agents showed increasing PRs with increasing exposure in models with a single exposure variable, but these associations became substantially weaker after adjustment for exposure to especially fungal spore. Therefore a more detailed exposure assessment is recommended to identify potential health hazards in farming.
In conclusion, exposure to several microbial and non-microbial agents were associated with acute work related symptoms of the eyes and nose as well as cough among farmers. The strongest associations were found for exposure to fungal spores, endotoxins, silica, and total dust. After adjustment for other exposures, exposure to fungal spores was found to be associated with cough and symptoms of the eyes and nose, and exposure to silica was associated with nasal symptoms. These results require further evaluation in studies with information on lung function and respiratory disease. 
